To determine whether an analysis of two-phase spiral CT features provides a sound basis for differential diagnosis between gallbladder carcinoma and cholecystitis. Materials and Methods: We reviewed a total of 89 cases of gallbladder carcinoma (n=35) or cholecystitis (n=54) in patients who had undergone two-phase spiral CT. For this, a GE Highspeed Advantage scanner (GE Medical Systems, Milwaukee, U.S.A.) was used. A total of 120ml of contrast material was injected at a rate of 2 3 ml/sec. Arterial and venous phase scans were obtained 35 and 65 seconds, respectively, after the initiation of contrast infusion. All cases of gallbladder carcinoma and 468 of cholecystitis (of a total of 482) were confirmed by histopathology. We reviewed the two phase spiral CT features, analyzing and assessing thickness of the lesion, the enhancement pattern seen during the arterial and the venous phase, invasion of the liver, pericholecystic fat infiltration, dilatation of intrahepatic ducts, and other associated findings. Results: Mean wall thickness was 12.6 mm in the gallbladder carcinoma group, and 7.2 mm in the cholecystitis group. The common enhancement patterns seen in gallbladder carcinoma were 1) a highly enhanced thick inner wall layer during the arterial phase which became iso attenuated with adjacent liver parenchyma during the venous phase (16/35; 45.7%), and 2) a highly enhanced thick inner wall layer during both the arterial and the venous phase (8/35; 22.9%). The most common enhancement pattern in cholecystitis cases was an iso attenuated thin inner wall layer during both the arterial and the venous phase (44/54; 81.5%). Findings of intrahepatic mass formation by direct invasion (9/35), lymph node enlargement (12/35), and metastasis to other organs (7/35) occurred only in cases of gallbladder carcinoma. Dilatation of intrahepatic ducts was more frequent in cases of gallbladder carcinoma (18/35, 51.4%) than of cholecystitis (10/54, 18.5%). The incidence of pericholecystic fat infiltration and fluid collection was not significantly different between the gallbladder cancer and cholecystitis groups. Conclusion: Gallbladder carcinoma and cholecystitis varied in terms of wall thickness, enhancement pattern, and intrahepatic ductal dilatation, as seen on two phase spiral CT. Findings of liver invasion, lymph node enlargement and distant metastasis strongly suggested gallbladder carcinoma. These results suggested that gallbladder carcinoma and cholecystitis can be distinguished by analysis of their two phase spiral CT features.
Because the procedures involved in the prognosis and management of gallbladder carcinoma and cholecystitis differ, the differential diagnosis of these diseases is important. The clinical manifestations of gallbladder carcinoma are nonspecific and often indistinguishable from those of cholecystitis, and for this reason the accurate preoperative diagnosis of gallbladder cancer is difficult: differential is frequently, achieved by radiologists (1 7). Many previous investigators have reported the imaging features of gallbladder carcinoma and cholecystitis (1 7) . Computed tomography (CT) is often helpful in the preoperative diagnosis of the former, the most common CT finding being a slightly enhancing mass in the region of the gallbladder that replaces most or all of this organ (2) . Less common configurations are irregular or smooth wall thickening and intraluminal masses. Both types exhibit mild to moderate contrast enhancement and are difficult to distinguish from complicated cholecystitis (2) . The ultrasonographic (US) findings of gallbladder carcinoma are not different to those of CT, and include thickening of the gallbladder wall, a fungating tumor, and a mass filling the gallbladder. As for the differential diagnosis, chronic cholecystitis, which mimics the flattype, and benign polypoid lesions, resembling the fungating mass-type, are important (8) . Elvin et al. (9) suggested that the existence of a low echoic zone, representing edema in the gallbladder wall, indicates cholecysititis rather than carcinoma. Despite the efforts of previous investigators, the early diagnosis of gallbladder carcinoma and differentiation between malignancy and an inflammatory process remain problematic. Compared with incremental CT, spiral CT offers the advantages of faster scan times, smaller interscan intervals, and optimization of the use of contrast medium (10) . To date, no previous published investigation has focused on differential diagnosis between gallbladder carcinoma and an inflammatory process of the gallbladder by means of two-phase spiral CT. The purpose of this study was to determine the two-phase spiral CT features of gallbladder carcinoma and cholecystitis, and whether the two diseases can be successfully differentiated through analysis of their two-phase spiral CT features.
Materials and Method
Forty-one consecutive patients with suspected gallbladder carcinoma and 482 with cholecystitis visited our institution between March 1997 and May 2000. In 26 of the 41 with suspected carcinoma and 468 of the 482 with suspected cholecystitis, the respective conditions were confirmed by histopathologic examination after cholecystectomy, and in the remaining 15 with suspected carcinoma, this was confirmed by biopsy. Thirty-five of the 41 with confirmed gallbladder carcinoma and 54 of the 468 with confirmed cholecystitis (a total of 46 males and 43 females, mean age SD = 60 12) underwent two-phase spiral CT, and these 89, in whom the respective conditions had previously been pathologically proven, were included in our series. The remaining 420, whose condition had been pathologically confirmed but who did not undergo spiral CT were excluded from our study.
For two-phase spiral CT a GE Highspeed Advantage scanner (GE Medical Systems, Milwaukee, Wis., U.S.A.) was used (5-mm collimation and 5 mm/sec table movement; scan time per section, 1 sec; scan collimation, 5 mm; scan pitch, 1), and 120 ml of iohexol (300 mg I/ml) (Omnipaque; Nycomed Ireland Ltd., Cork, Ireland) was mechanically injected into the antecubital vein at a rate of 2-3 ml/sec. Transaxial CT images, obtained in all cases with patients in a supine position and from the dome of the diaphragm to the symphysis pubis, were reconstructed with 5 7mm overlapping intervals. The arterial and the venous phase began 35 and 65 seconds, respectively, after the injection of contrast material.
All patients fasted for at least six hours prior to CT.According to the histopathological test results of the 54 cholecystitis patients, five were suffering from acute cholecysitits, 47 from chronic cholecysitits, and two from xanthogranulomatous cholecystitis. In all patients with gallbladder carcinoma, adenocarcinomaa was histopathologically proven.
We retrospectively reviewed the two-phase spiral CT findings, paying special attention to thickness and type of lesion, and the enhancement pattern seen on arterial and venous phase scans. We also analyzed associated findings such as invasion of the liver, pericholecystic fat infiltration, dilatation of intrahepatic ducts, enlargement of lymph nodes to more than 1cm in long diameter, the presence of gallstones and ascites, distant metastasis, and pericholecystic fluid collection. On the basis of categories established by previous investigators (3, 8, 11 13) , lesions were classified as having diffuse or focal wall thickening, as a polypoid mass, or as a mass replacing the gallbladder. The thickness of the gallbladder wall was measured at its most hypertrophied portion, while its enhancement pattern was classified by comparing the degree of enhancement of thickened wall, as seen during the arterial and the venous phase, with that of adjacent liver parenchyma. Two-phase spiral CT scans were reviewed by two radiologists, whose decisions were reached by consensus. For statistical analysis, Student t test and x 2 -square test were used, together with an SPSS-PC v9.0 program on a personal computer.
Results
Mean wall thickness in the gallbladder carcinoma and the cholecystitis group was 12.6 mm and 7.2 mm, respectively, the greater thickness found in the former group being statistically significat (p<0.05). The various enhancement patterns and types of wall thickening seen in gallbladder carcinoma and cholecystitis are shown in Table 1 .
For the former, the most common enhancement patterns were 1) a highly enhanced thick inner-wall layer, seen during the arterial phase and becoming iso-attenuated with adjacent liver parenchyma during the venous phase (16/35; 45.7%) (Fig. 1) , and 2) a highly enhanced thick inner-wall layer seen during both the arterial and the venous phase (8/35; 22.9%) (Fig. 2) . For cholecystitis, the most common enhancement pattern was an iso-attenuated thin inner-wall layer, seen during both the arterial and the venous phase (44/54; 81.5%) (Fig. 3) .
Findings of intrahepatic mass formation by direct invasion (9/35), lymph node enlargement (12/35), and metastasis to other organs (7/35) were demonstrated only in cases of gallbladder carcinoma, while dilatation of intrahepatic ducts was more frequently seen in cases of gallbladder carcinoma (18/35, 51.4%) than of cholecystitis (10/54, 18.5%). The incidence of pericholecystic fat infiltration and fluid collection, and ascites, was not significantly different between the gallbladder cancer and the cholecystitis group. Gallstones were more frequent in cholecystitis patients than in those with gallbladder carcinoma (Table 2) .
Discussion
Carcinoma of the gallbladder has a low overall prevalence, but it is the most common malignancy of the biliary tract and the fifth most common in the alimentary tract (3, 11 15) . The prognosis for patients with gallbladder carcinoma is bleak: 88% die within one year of diagnosis, and only 4% live five years. If tumor invasion is confined to the mucosa, the survival rate is excellent, 499 A B Fig. 1 . Gallbladder carcinoma Two phase spiral CT scan shows highly enhanced focal thick inner wall layer(arrow) on arterial phase scan (A) which becomes iso-attenuation on venous phase scan (B). Abbreviations: High, high attenuation; Iso, iso attenuation; Low, low attenuation. *Difference from enhancement pattern in gallbladder carcinoma group and cholecystitis group was significant (x but serosal and adventitial involvement is lethal. When disease extends through the serosa, palliative surgery to bypass biliary obstruction is recommended. Radical tumor resection in this setting is associated with a high operative mortality rate and few long-term survivors (13) . A general awareness of the radiologic features of gallbladder carcinoma will enhance the preoperative diagnosis.
The clinical features of gallbladder carcinoma include constant right upper quadrant pain, malaise, weight loss, and jaundice (3, 13, 15) . The risk of gallbladder carcinoma is greater in patients with gallstones. The prevalence of gallstone in cases of gallbladder carcinoma has been variously reported as around 55.6% (16), 80% 90% (17), 73 98% (18) , and 75 90% (19) . A porcelain 500 A B Fig. 3 . Acute cholecystitis Two phase spiral CT scan shows iso-attenuated thin inner wall layer (arrow) on both the arterial (A) and venous phase (B) scans. Fig. 2 . Gallbladder carcinoma. Two phase spiral CT scan shows thickened inner wall layer with high attenuation (arrow) on both the arterial (A) and venous phase (B) scans. gallbladder is another predisposing factor and an estimated 22% of patients with this condition develop carcinoma (20, 21) . In the present study, six cases (6/35; 17.1%) of gallstones were identified radiologically in the gallbladder carcinoma group. This low prevalence of associated gallstone is thought to be due to bias in the selection of patients. That is, if diffuse gallbladder wall thickening with gallstones had been detected by US, acute cholecystitis might have been diagnosed in such patients and cholecystectomy performed before twophase spiral CT was undertaken. These cases were excluded from our series.
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Gallbladder carcinoma as seen on cross-sectional images may follow one of three mafor patterns: 1) a mass obscuring or replacing the gallbladder; 2) focal or diffuse thickening of the gallbladder wall; 3) a polypoid mass originating in the gallbladder wall and projecting into the lumen (3, 8, 11 13) . Several previous investigators reported that among these three types, focal or diffuse thickening of the gallbladder wall was the least common presentation (3, 13, 22) . Piehler et al. (23), however, reported that gallbladder carcinoma grossly appears most often as diffuse or localized thickening of the wall and less frequently as a polypoid or papillary projection into the lumen. The results of our study also showed that focal or diffuse thickening of the gallbladder wall was the most common type of gallbladder carcinoma (22/35, 62.9%).
The differential diagnosis of infiltrating gallbladder carcinomas includes complicated cholecystitis, hepatocellular carcinoma, and metastasis to the gallbladder fossa. Clinically and radiologically, gallbladder carcinoma can be difficult to differentiate from cholecystitis with pericholecystic fluid and abscess (13) . Diffuse thickening of the wall, secondary to uniform infiltration by a tumor, can be similar in appearance to chronic cholecystitis, and this appearance is nonspecific (3). Focal thickening of the wall may indicate the involvement of cancer. Focal thickening is difficult to differentiate from an area of fibrosis associated with chronic cholecystitis or an area of adenomatous hyperplasia. However, a wall infiltrated by cancer is typically thicker and more irregular than one thickened by inflammation, and thicker and more irregular wall has suggested malignancy (22, 23) . Smathers et al. (1) , on the other hand, reported that smoothness versus irregularity of the gallbladder wall was not a reliable differentiating feature between carcinoma and benign conditions. The results of our study showed that thicker and more irregular wall thickening was more frequent in patients with gallbladder carcinoma than in those with cholecystitis.
A small polypoid carcinoma can be indistinguishable from a cholesterol polyp, adenoma, or adherent stone. Chijiiwa et al. (24) claimed that where a polypoid lesion exceeds 10 mm in size, the lesion is solitary, and the patient is older than 60, carcinoma should be strongly suspected. An intraluminal mass within the gallbladder, with a fungate appearance and irregular border, is strongly suggestive of gallbladder cancer.
Such a mass, however, could also represent either a cholesterol or inflammatory polyp, or a benign tumor. Furukawa et al. (25) demonstrated that small polypoid lesions of the gallbladder were invariably detected by enhanced CT, but this was not the case with cholesterol and hyperplastic polyps. In two of our patients cholesterol polyps were pathologically confirmed after cholecystectomy, but had not been demonstrated by twophase spiral CT.
Although US is widely accepted for imaging of the gallbladder, CT is thought to complement its findings, and awareness of the two-phase spiral CT features of gallbladder diseases is thus useful for diagnosis. In our study, the finding of highly enhanced thick inner wall layer, seen during the arterial phase, which became isoor hyper-attenuated with adjacent liver parenchyma during the venous phase, strongly suggested malignancy, and iso-attenuated thin inner wall layer, during both the arterial and the venous phase was a more frequent feature of cholecystitis. Thus, awareness of the enhancement patterns of the focal or diffuse thickening type of gallbladder carcinoma and cholecystitis, as seen on twophase spiral CT, appears to be helpful in differentiating these two different disease entities.
The most common route of dissemination for gallbladder carcinoma is direct invasion of the liver. This can be explained by noting that the hepatic surface of the gallbladder is drained by vessels that communicate with adjacent hepatic veins; spread through this route leads to involvement of the adjacent liver (26) . Spread to lymph nodes around the cystic and pericholedochal nodes is also common (27) . Other structures that may be involved are lymph nodes in the region of the porta hepatis, hepatic and common bile ducts, pancreas, colon, and duodenum. In our series, direct invasion of the liver was apparent in nine of the 35 gallbladder carcinoma patients (25.7%), and twelve of the 35 (34.3%) had demonstrated lymph node enlargement cystic (n=7), pericholedochal (n=5), porta hepatis (n=4), pancreatoduodenal (n=3).
Direct or lymphatic spread of malignancy to the porta hepatis results in obstruction of the biliary tree, which in manifested as jaundice. Although this is one of the earliest clinical manifestations of the disease, it unfortunately signifies an advanced stage of malignancy.
In this study, 18 patients (51.4%) presented with dilatation of the biliary tree due to tumor invasion of the common bile duct (n=5) and at the bifurcation level of the intrahepatic duct (n=4), and to lymph node enlargement in the porta hepatis (n=8) and pericholedocal region (n=1).
In summary, the results of this study showed that if a hyper-attenuated thick inner-wall layer of gallbladder was seen during the arterial phase, and this became isoor hyper-attenuation during the venous phase, malignancy was strongly suggested; if, on the other hand, an iso-attenuated thin inner wall layer was seen during both the arterial and venous phase, this suggested cholecystitis rather than gallbladder cancer. Findings of liver invasion, regional lymph node enlargement, and distant metastasis strongly suggested gallbladder carcinoma.
In conclusion, awareness of these specific two-phase spiral CT features should be valuable in differentiation between an inflammatory process and gallbladder carcinoma. Two-phase spiral CT is thus useful for differential diagnosis between these two disease entities.
